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(54) Coatings for turbine components 

(57) An iridium-niobium alloy bond coat is used un- 
der a ceramic thermal barrier coating on turbine blades 
and vanes to improve the life of the thermal barrier coat- 
ing. Between the bond coat and the substrate is an un- 
derlying protective coating which is either a low pressure 



plasma sprayed coating such as a NiCoCrAlY alloy or 
a vapor deposited coating such as tantalum, nickel-tan- 
talum or rhenium. Heat treatment and preoxidation pro- 
cedures may be used to form the desirable bonds and 
materials. 
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Description 

[0001] The present invention relates to coatings for 
the blades and vanes of turbines and particularly relates 
to the bond coat that is used with a thermal barrier coat- 
ing on turbine components. 

Background of the Invention 

[0002] In order to improve the efficiency of gas tur- 
bines, it is necessary to apply ceramic thermal barrier 
coatings (TBC's) to the blade and vane components that 
are exposed to very high temperatures. These TBC's 
lower the material surface temperatures of the turbine 
blades/vanes and extend their life and reliability. In order 
to bond the TBC coatings to the ceramic surface of the 
blades/vanes, a bond coat is used which also provides 
oxidation and hot corrosion protection to the blades and 
vanes. Current bond coats are normally alumina forming 
systems such as platinum aluminide diffusion coatings 
or NiCoCrAlY overlays. Often other elements can be 
added to NiCoCrAlY overlays such as Si, Ta, etc. At high 
temperatures, oxygen diffuses through the ceramic TBC 
which results in oxide growth and cracks can initiate in 
the TBC. Eventually, due to stresses from the oxidation 
process and fatigue due to thermal cycling, the TBC can 
spall resulting in accelerated oxidation of the bond coat 
and possible failure of the entire coating system. Initially 
cracks are formed in the thermal barrier coatings due to 
the growth of oxide and thermal expansion differences 
between the TBC coatings, thermally grown alumina, 
and bond coats. Of course, cracking can also occur in 
TBC's for other reasons such as bond coat creep. The 
spallation of the TBC can result in accelerated oxidation 
of the bond coat. Normally, failure of the TBC occurs 
when the oxide thickness has grown to 5 to 25 microns 
below the ceramic TBC. To a large extent, for engines 
which are base loaded oxide growth of the bond coat 
can determine the life of the coating system. 

Summary of the Invention 

[0003] The invention relates to improving the life of a 
thermal barrier coating (TBC) for turbine blades and 
vanes by the use of a high temperature bond coat with 
good oxidation resistance. Specifically, the invention re- 
lates to the use of an iridiunrwiiobium (Ir-Nb) alloy bond 
coat under the TBC to firmly bond the TBC to the sub- 
strate or underlying layers. Between the bond coat and 
the substrate is an underlying protective coating of a low 
pressure plasma sprayed coating or a vapor deposited 
coating. The low pressure plasma sprayed coating is 
formed from a mixture of metal powders such as NiC- 
oCrAlY which may also include other metals such as Si 
and Ta. Preferably, there is a diffusion barrier coating 
between the underlying protective coating and the 
blade/vane substrate to limit interdiffusion between the 
coatings and the substrate. The diffusion barrier can be 



a metallic system such as tantalum (Ta), nickel-tantalum 
(Ni-Ta), or rhenium (Re) or it can be a ceramic such as 
alumina which is especially effective when in an amor- 
phous form. The bond coat is bonded to the underlying 
5 layers by a diffusion heat treatment. Further a preoxida- 
tion procedure can be performed on the bond coat in a 
high temperature oxidation furnace to form a desirable 
oxide structure on the surface of the bond coat prior to 
the application of the TBC. 

10 

Brief Description of the Drawing 

[0004] The drawing is a cross-section of a portion of 
a turbine blade or vane which has been coated in ac- 
'5 cordance with the present invention. 

Description of the Preferred Embodiment 

[0005] Components in the "hot section" of gas tur- 
bines are subjected to very high temperatures and, in 
order to improve engine efficiency, it is necessary to pro- 
tect the turbine blades and vanes from these high tem- 
peratures. This is done by applying a thermal barrier 
coating (TBC) and a cooling system to these compo- 
nents which results in lower metal surface tempera- 
tures. Shown in the drawing is a portion of a gas turbine 
blade or vane 12 having a surface 14. These compo- 
nents are typically made from a nickel base superalloy, 
although the present invention is not limited to any par- 
ticular blade or vane alloy. 

[0006] The first step in the procedure for forming the 
coating system of the present invention, which is option- 
al, is to form a diffusion barrier coating 16 primarily for 
the purpose of limiting the interdiffusion between the 
bond coat and substrate. Such coatings are preferably 
either a ceramic or metallic coating and preferably are 
amorphous (non-crystalline). Typically diffusion barrier 
coatings are Ta, Ni-Ta, Re or ceramics such as alumina 
but may include other elements and typically the thick- 
ness range is from 1 micrometer to in excess of 25 mi- 
crometers. 

[0007] The next step in the process is the application 
of what is referred to as an underlying protective coating 
18 for the purpose of oxidation and hot corrosion pro- 
tection. This coating can be an overlay applied by low 
pressure plasma spraying of powder mixtures such as 
the previously mentioned prior art overlay of NiCoCrAlY 
and can contain other elements such as Si, Ta, and Re. 
This coating will form a protective layer and is typically 
50 to over 500 micrometers thick. In place of the low 
pressure plasma sprayed coating such as NiCoCrAlY, 
the protective coatings 1 8 may be an aluminide (NiAl or 
CoAl) or a platinum aluminide coating applied by vapor 
deposition. These latter coatings are normally in the 
range of 10 micrometers to 150 micrometers thick and 
are normally applied in conjunction with an electron 
beam deposited thermal barrier coating. The NiC- 
oCrAlY protective coatings are normally used with ther- 
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mal barrier coatings applied by air plasma spray. 
[0008] The next step in the process of forming the 
coating system of the present invention is the applica- 
tion of the bond coat 20 of the iridium-niobium (Ir-Nb) 
alloy which functions to bond the ceramic thermal barrier 
coating to the substrate or intervening layers below. The 
Ir-Nb coating is an alloy of 60 to 95 atomic percent irid- 
ium and 5 to 40 atomic percent niobium. The thickness 
is in the range of 1 to 20 micrometers and it may be ap- 
plied by any desired technique such as low pressure 
plasma spraying or sputtering. After applying the bond 
coat 20 of the Ir-Nb alloy, a heat treatment is performed 
to bond the alloy to the substrate or the intervening coat- 
ing. This heat treatment is at a temperature in the range 
of 1000°C to 1200°C and preferably 1080°C for four 
hours. The next step can be a preoxidation step to form 
an oxide layer. This oxidation step is performed in a high 
temperature furnace in air. 

[0009] Once the Ir-Nb bond coat has been applied 
and heat treated and preoxidized if desired, the final 
TBC 22 is applied by plasma spraying or electron beam 
vapor deposition. The ceramic thermal barrier coating 
is usually a mixture of Zr0 2 with 6 to 8 weight % Y 2 0 3 
stabilizer with a thickness in the range of 100 microme- 
ters to over 1 millimeter. Other stabilizers can be used 
in place of yittria (Y 2 0 3 ) such as cerium and scandia 
among others. 

[0010] The coating system of the present invention 
provides a bond between the TBC and the substrate 
which will withstand high temperatures and which has 
excellent oxidation resistance thereby improving the 
long term performance of the coating system. 



Claims 

1. A coating system for turbine blade and vane com- 
ponents comprising: 

a. a bond coat applied to said components com- 
prising an iridium-niobium alloy having 60-95 
atomic percent iridium and 5 to 40 atomic per- 
cent niobium, and 

b. a ceramic thermal barrier coating applied to 
said components over said bond coat. 

2. A coating system as recited in claim 1 wherein said 
bond coat has a thickness in the range of about 1 
to 20 micrometers and said ceramic thermal barrier 
coating has a thickness in the range of about 100 
micrometers to over 1 millimeter. 

3. A coating system as recited in claim 1 wherein said 
ceramic thermal barrier coating comprises a mix- 
ture of zirconium oxide and a stabilizer. 

4. A coating system as recited in claim 3 wherein said 
ceramic thermal barrier coating comprises zirconi- 



um oxide with 6 to 8 weight percent yttrium oxide. 

5. A coating system as recited in claim 3 and further 
including a protective coating between said bond 

s coat and said components. 

6. A coating system as recited in claim 5 wherein said 
protective coating is selected form the group con- 
sisting of low pressure plasma sprayed metal pow- 

10 ders and vapor deposited aluminides. 

7. A coating system as recited in claim 5 wherein said 
protective coating is low pressure plasma sprayed 
metal powders of NiCoCrAIY. 

15 

8. A coating system as recited in claim 6 and further 
including a diffusion barrier coating between said 
protective coating and said component. 

20 9. A coating system as recited in claim 8 wherein said 
diffusion barrier coating is selected from the group 
consisting of tantalum, nickel-tantalum, rhenium 
and alumina. 
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